Supplementary Figure 1. Molecular conformation from DFT calculation. DFT models of (ab) hPDI3 and (c-e) hPDI4. hPDI3 consists of two iso-energetic conformations, (a) "waggling" and (b) "helical". hPDI4 consists of three iso-energetic conformations, (c) "waggling", (d) "helical" and (e) "mixed". Hydrogens and alkyl side chains have been removed for clarity. Black = carbon; red = oxygen; blue = nitrogen. 
the fast component appears due to carrier-carrier annihilation. The initial bleaching values is lower for a higher pump intensities (from 40 Jcm -2 ) due to the annihilation that takes place earlier than exciton diffusion time.
Supplementary Figure 20
. Normalized dynamics at various probe wavelengths for the blend at a high pump density (160 Jcm -2 ). Excitation wavelength was 415 nm. Dynamics at 555 (red) and 680 (blue) nm represent the bleaching dynamics for hPDI3 and PTB7 in the blend, respectively. Dynamics at 485 nm, 555 nm, 765 nm and 1120 nm was scaled by a factor of -3.2, 1.5, -3.15 and -1.9, respectively, for normalization. . All geometries were optimized using the B3LYP functional and the 6-31G** basis set. In the case of each molecule, the energies of the different conformations were compared by performing additional calculations at the several optimized geometries using the larger cc-pvtz basis set. We observe no significant energy differences between the different local minima in either case.
To simplify the calculations, we replaced the C 11 H 23 side chain attached to each nitrogen atom with a single H. The influence of alkyl N-substituents on the electronic structures is negligible due to the nodes of frontier orbitals at the imide nitrogens. 
where J is the current density, μ is the carrier mobility under zero field, ε 0 is the permittivity of free space, ε r is the material relative permittivity (assumed to be 3 here), d is the active layer thickness (100 nm for PTB7-Th:hPDI3 and 110nm for PTB7-Th:hPDI4), and V is the effective 
where v t and E t are the Poisson's ratio and Young's modulus of the tip and v s and E s are the 24
Poisson's ratio and Young's modulus of the sample. We assume that the tip modulus, E t , is much larger than the sample modulus, E s , and can be approximated as infinite and calculate the sample modulus using the sample Poisson's Ratio. Poisson's ratio generally ranges between about 0.2 and 0.5 (perfectly incompressible) giving a difference between the reduced modulus and the sample modulus between 4% and 25%. Because the sample's Poisson's ratio is not generally known, here we report reduced Young's modulus as many publications do. 
